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PREFACE 


riiis  technical  report  summarii'es  the  work  aeeomplisheil  during  Phase  IV  of  contract  r-'3.V)l5- 
73-(  -5171,  “Adhesive  Bonded  Aerospace  Structures  Standardized  Repair  Handbook.”  by 
the  Boeing  Commercial  Airplane  Company.  P.O.  Box  3707.  Seattle.  Wa.shinglon. 

The  work  was  aeeomplished  under  the  joint  sponsorship  of  the  Air  Force  Materials 
Laboratory  (Project  73SI/Task  Ob)  and  the  Air  Force  F-'light  Dynamics  Laboratory  (Project 
1368/Task  02).  Mr.  W.  Scardino,  AFML/MXH  of  the  Materials  Laboratory,  and  Mr.  II.  Croop, 
AFFDL/FBS  ot  the  Flight  Dynamics  Laboratory,  are  the  Air  Force  project  engineers. 

Mr.  J.  F.  McCarty  was  the  Boeing  program  manager,  and  Mr.  R.  E.  Horton  was  the  principal 
investigator.  Other  Boeing  personnel  who  made  technical  contributions  to  the  program  and 
their  areas  of  activity  are  as  follows:  M.  C.  Locke.  Materials;  M.  L.  Satterthwait.  Manufac- 
turing; and  B.  D.  Parashar,  Quality  Control. 

This  work  was  performed  in  the  period  from  I October  1975  through  31  March  197b. 
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10  INTRODUCTION  AND  SUMMARY 


I ho  uso  ol  ;Klhosi\o  lioiulini:  in  ;iiroi:i(l  siruoturos  luis  o\p;irulo(i  j;io;iIly  in  rooonl  years, 
hroatloniiifi  Iroin  iiso  in  soooiulary  slnioluros  to  oonsiilorahlo  nso  in  priniars  applioations. 

Uooanso  atihosiso  hoiulins;  is  now  boiii};  usoil  oslonsivoly  b>  all  nianntaotnrors.  repairs 
iiuolvini;  boiuleil  eoni|ionenls  are  an  important  part  ol  the  military  mamtenanee  depot 
aetiuty. 

I he  rapid  espansion  ot  this  teehnoloL’y  has  ereatetl  many  new  repair  reipiirements. 

Important  to  this  repair  teehnoloiry  is  the  neeil  for  improvement  aiul  standardization  ot  the 
repair  prireeiliires  anil  providiiif:  instrnetion  lor  larjie  repair  and  rebuildinf.'  as  well  as  lor  the 
small  patehes.  I’roeedures  must  he  kept  up-to-date.  II  the  repairs  are  to  he  aeeomphshed 
etiieiently.  proeediires  must  he  eonsistent  for  repairiii!;  similar  types  oT  striieture  on  various 
manniaeturers’  aireratt. 

,\t  the  present  time,  proeedural  eoverajie  tor  adhesive  honded  stnietiire  repair  meeting  these 
reiiLiirements  is  laeking.  Instruetions  Tor  large  repairs  are  ipiite  limited.  Repair  doeuments. 
technical  orders  I 1 .(). ».  typically  cover  only  small  repairs  and  are  developed  hy  each  mami- 
lacturer  using  his  own  preferred  manufacturing  methods  and  materials.  This  creates 
ditTiculties.  especially  since  an  individual  depot  may  repair  several  different  models  or  types 
of  aireratt.  A mechanic  may  repair  similar  damage  on  several  types  of  aircraft  and  be 
instructed  to  use  difterent  materials  and  methods  on  each.  In  addition  to  the  procedural 
contusion,  the  situation  results  in  an  unnecessarily  large  material  inventory.  Keeping  the 
mans  1.0. \ up-to-date  with  current  methods  and  materials  d 'velopment  is  also  difficult. 

This  program  has  heen  undertaken  to  remedy  these  situations  and  to  increase  the  efficiency 
ot  repairing  honded  components  on  military  aircraft. 

I he  maior  goals  of  this  program  are  defined  as  follows: 

• Develop  a standarili/ed  material  list  and  standardized  repair  anil  inspection 
procedures  tor  small  area  repairs  on  military  aircraft 

• Provide  a repair  guide  for  major  repairs  or  rehuilding  of  large  areas  of  honded 
aireratt  components 

I 

I his  five-phase  program  is  to  he  performed  over  a .t-year  period.  The  tasks  and  program 
schedule  defined  for  each  phase  are  show  n in  figure  I . The  first  four  phases  of  this  program 
have  heen  completed.  I his  document  reports  on  the  work  accomplished  during  Phase  IV. 

I 

Phase  I was  aeeomphshed  during  the  intital  h months  ot  the  program,  starting  on  I October  | 

Ih7.f.  I he  work  consisted  primarily  of  intormation  gathering  and  cataloging.  A compre- 
hensive review  was  made  of  pertinent  Air  l orce  T.O.’s.  Repair  geometries  were 
cataloged,  and  material  lists  were  extracted  for  various  service  and  cure  temperatures.  In 
addition,  visits  were  made  to  several  military  and  commercial  repair  depots  and  airframe 
manutacturers’  facilities.  Insight  was  obtained  into  such  areas  as  types  ol  damage  ineurred, 
current  repair  materials  and  procedures  used,  availability  I'f  facilities  and  ei\uipment,  and 
• level  of  personnel  skills.  j 


i 

I 


I 


Phiiso  II  wjs  accomplisheil  over  Ilie  ‘)-monlh  period  from  I April  l')74  to  31  December 
l‘)74.  rite  tasks  perl'ormetl  in  Phase  II  consisted  of  the  I'ollowinj:: 

• Definition  ot  the  handbook  outline  and  repair  criteria 

• Definition  of  the  small  area  repair  methods  to  be  included  in  the  hanilbook 

• I valuation  of  candidate  adhesive  systems  and  surface  preparation  methods 

• Participation  in  a joint  military/industry  repair  hanilbook  workshop  at  Day  ton,  Ohio 

highteen  adhesive  systems  and  approximately  1 6 surface  preparation  methods  were  evaluated 
during  Phase  II.  With  the  exception  of  some  of  the  new  generation  epoxy  systems,  the 
adhesives  were  largely  those  currently  used  at  the  repair  depots  and  included  systems  curing 
at  room  temperature,  and  .f.'itn'.  I'he  surface  preparation  methods  included  solvent 

and  acid  hand  cleaning  and  acid  tank  cleaning.  Development  work  was  done  using  a 
phosphoric  acid  hand-cleaning  procedure. 

Test  results  confirmed  the  superiority  of  the  elevated  temperature  curing  adhesives  and  the 
acid-cleaning  methods.  The  suitability  of  a particular  cleaning  method  depends  greatly  on 
the  specific  adhesive  system. 

Phase  II  of  the  program  was  terminated  with  a joint  military/industry  workshop  held  at 
Dayton.  Ohio.  The  workshop  afforded  an  opportunity  to  review  the  li^iiidhook  pro^rum 
status  and  to  incorporate  the  suggestions  from  aircraft  manufacturers  and  future  hand- 
book users. 

Phase  III  of  the  program  began  I January  DJ75  and  was  completed  on  30  September  197.''. 
The  work  was  conducted  in  three  areas; 

• Repair  and  test  of  small  repair  specimens 

• Repair  and  evaluation  of  components  furnished  by  the  Air  l-orceand  Navy 

• Preparation  of  drafts  of  several  of  the  handbook  sections 

I valuation  of  the  small  repairs  involved  the  fabrication  of  30  sandwich  test  specimens.  Two- 
thirds  of  the  specimens  were  aluminum  and  one-third  were  titanium.  Half  ol  the  specimens 
were  damaged  simulating  a hole  through  both  surfaces.  These  were  then  repaired  and  a 
comparison  made  between  the  repaired  and  undamaged  controls.  The  adhesives  used  were 
those  currently  being  used  for  the  repair  of  Air  F'orce  aircraft.  The  specimens  were  tested 
in  tension,  compression,  and  fatigue. 

Repair  method  demonstrations  were  conducted  on  the  following  components; 

1 . Simulated  C - 1 4 1 wing  leading  edge 

2.  f'-lll  fuselage  panel  ( titanium) 


ninin  l;iniling->!i,’;ir  whot‘1  di)or 

4.  C-5A  iiik’ron  lniilinfr-i’(l}!c  pjiK'l 

5.  I-4H  luiri/untal  slabilator 

(i.  ( -141  cl(nible-conti)uri.'cl  API'  access  panel 

7,  A-b  vertical  fin  (supplied  by  the  Navy) 

The  simulated  ( -141  wing  leading-edge  component  was  labricated  during  Phase  II.  During 
Phase  III,  a major  part  ol  the  component  was  rebuilt.  I'his  simulated  work  was  done  at  the 
Warner  Robins.  .Air  Logistics  Center  (Al.(').  I bis  included  removal  and  replaceinetit  of  the 
outer  skin  and  a major  portion  of  the  core.  The  use  of  three  dilTerent  acid  cleaning  methods 
was  investigated. 

Repair  work  was  c('inpleted  on  the  other  six  components  listed.  The  I--I  1 I titanium  fuselage 
panel  was  repaired  using  PasaJell  107  as  the  surface  preparation  methorl  for  boiuling.  Surface 
preparation  for  the  aluminum  components  was  done  using  the  ph(  sphoric  acid  hand  anodi/e 
method  developed  in  Phase  II. 

Phase  IV  was  completed  during  the  period  from  I October  1 475  to  31  March  1 47b.  The 
work  included  four  basic  tasks: 

• Repair  of  damage  to  an  L'-l  I I outboard  spoiler 

• l est  of  the  spoiler  with  simulated  critical  air  hrads 

• Lest  of  specimens  cut  from  repaired  components 

• Preparation  ol  drafts  of  hamibook  sections 

I he  spoiler  waserbtained  from  the  Sacramento  Al  ( . It  had  been  in  service  but  was 
replaced  in  a modification  program. 

Lhe  sprriler  planform  was  approximately  b.S-in.  long  anil  tapered  from  14.7-m.  w ide  inboard 
to  1 1.7-in.  wide  on  the  outboard  end.  It  had  only  minor  damage  when  received.  Additional 
damage  was  imposed  on  the  trailing  edge  to  require  a repair  that  was  approximately  2-4-in. 
long  ami  5-in.  wide.  I he  repaired  area  included  part  of  the  region  that  was  reinlorced  to 
distribute  load  from  the  outboard  hinge  fitting. 

The  spoiler  lest  was  accomplished  in  the  same  manner  as  that  done  b\  (ieneral  Dynamics 
to  qualify  the  production  spoiler.  This  was  for  the  critical  condition  with  the  spoiler 
deflected  20“.  Loading  was  to  \ 5()'/i  of  the  design  limit  load.  Lhe  test  was  successtui 
with  no  failure  in  the  repair  area. 


In  addition  to  the  repair  and  test  of  the  spoiler,  test  coupons  were  cut  from  the  spoiler 
and  from  the  components  repaired  in  Phase  111.  These  were  tested  to  various  conditions  to 
verify  the  repair  adequacy. 

I'he  various  Phase  IV  tasks  are  discussed  in  detail  in  the  following  sections. 


:.()  REPAIR  OF  THE  F-l  I I OUTBOARD  SPOILER 


During  Phase  III  ot  this  program,  seven  aircraft  components  were  repaired  to  demonstrate 
the  feasibility  of  procedures  that  will  be  incorporated  in  the  handbook.  Small  specimens 
were  sub.sequently  cut  from  the  components  to  evaluate  the  repair  quality.  An  eighth 
component,  an  F-l  1 1 spoiler,  was  selected  for  repair  during  Phase  IV.  This  provided  a 
part  where  the  ultimate  load  was  quite  high.  In  addition,  the  test  cost  was  compatible  with 
the  overall  program  budget.  The  spoiler  was  repaired  and  tested  as  a component  with 
simulated  flight  loads.  It  was  then  cut  up  and  small  specimen  tests  conducted. 

2.1  DESCRIPTION  OF  THE  SPOILER  CONSTRUCTION  AND 
THE  REPAIR  DESIGN 

A photo  of  the  spoiler  is  given  in  figure  2.  This  shows  the  underside  of  tiie  component 
with  the  two  attachment  fittings.  The  forward  holes  are  for  the  fixed  hinge  pins.  The  aft 
holes  are  for  the  actuator  rods.  A closeup  of  the  end  of  the  spoiler  is  shown  in  figure  .1.  The 
cross  section  of  the  spoiler  is  that  of  a thin  wedge,  shown  in  figure  4.  It  is  Hat  on  the  upper 
surface. 

I he  spoiler  design  is  for  the  F-l  1 1 A/B  model  aircraft.  A sketch  showing  the  planform 
geometry  of  the  spoiler  is  given  in  figure  5 (ref.  I ).  Details  of  construction  are  shown  in 
figure  (>  with  table  1 identifying  the  pertinent  materials,  thicknesses,  and  core  densities. 

Ihe  design  of  the  spoiler  requires  the  ability  to  withstand  limited  time  exposure  to  3.'i()°F. 
Accordingly,  high-temperature  adhesives  were  used  in  construction.  1 hose  approved  for 
repair  are  Aerobond  3030,  AF-130,  and  Reliabond  308  (ref.  2). 

The  spoiler  was  obtained  from  the  Sacramento  ALC.  I'he  part  had  been  surplused  as 
part  of  a remodification  program.  As  such,  it  was  undamaged.  Since  typical  damage  to 
this  type  of  part  is  in  the  trailing-edge,  damage  was  inflicted  in  that  area,  as  shown  in 
figure  7.  The  damage  was  toward  the  outboard  end  of  the  spoiler.  It  included  part  of  the 
skin  that  was  padded  up  to  distribute  load  from  the  hinge  fitting  (see  fig.  6 , table  1 ).  The 
damage  extended  inboard  approximately  24  in.  and  about  5 in.  into  the  spoiler  chordwise. 

Sketches  illustrating  the  repair  concept  are  shown  in  figures  8 and  0.  Figure  8 shows  the 
upper  surface  and  a repair  cross  section.  The  repair  is  Hush  on  the  Hat  upper  surface. 

The  0.020  flush  patch  is  spliced  to  the  component  skin  with  a 2. .30-in.  wide  internal  splice 
plate.  This  allows  a 1.25-in.  wide  lap  bond  on  each  side  of  Ihe  splice.  The  lap  bond  width 
was  selected  to  give  skin  splice  strength  greater  than  the  strength  of  the  0.020  sandwich 
face.  The  typical  ultimate  strength  of  2024-T8I  aluminum  is  65  ksi  (ref.  3y  1 his  gave  a 
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joitit  strength  requirement  for  the  0.020  skin  of  1300  Ib/in.  Reliahonii  398  was  used  for 
the  adliesive.  I'liis  was  tested  during  Phase  II.  The  typical  strength  for  a 1.25-in.  wide  lap 
was  approximately  2000  Ib/in.  (ref.  4).  This  was  adequate  and  provided  a positive  margin 
of  safety.  I’he  material  selected  for  the  patch  plates  was  0.020.  2024-T3  bare  aluminum. 

The  arrowhead  fitting  was  to  be  machined  from  0.25,  7075-T6  bare  aluminum  plate.  The 
replacement  core  was  4.5-1  ''8-1 0Ni(5052).* 

file  lower  skin  patch  shown  in  section  A-A  of  figure  8 was  nontlush  and  lapped  the  skin  by 
1.25  in.  similar  to  the  internal  splice  plate.  A cross  section  of  the  assembled  parts  is  given 
m section  B-B.  An  0.016  doubler  was  placed  under  the  patch  plate  where  the  0.036  padded- 
up  area  was  removed  (see  figure  9). 

2.2  DESCRIPTION  OF  THE  REPAIR  PROCEDURES 

I he  boundary  of  the  damage  was  outlined  using  a Harmonic  Bond  Tester  as  shown  in 
figure  10.  This  gave  an  indication  of  the  extent  of  any  delamination  th  had  progressed 
beyond  the  usual  damage. 

Removal  of  the  damaged  material  was  accomplished  with  a high-speed  air-driven  router, 
figure  1 1 . The  router  assembly  is  shown  in  figure  1 2.  The  router  was  guided  by  use  of  a 
metal  strip  template.  The  width  of  the  template  was  sized  so  cuts  could  be  made  on  both 
sides.  The  cut  on  the  inside  of  the  template  was  made  through  the  entire  depth.  The  cut  on 
the  outside  of  the  template  was  1 .25-in.  wider  to  allow  for  lap  of  the  internal  splice  strap  as 
shown  in  figure  8.  section  A-A.  After  making  the  router  cuts,  the  strip  of  skin  was  removed 
as  shown  in  the  sketch  in  figure  1 3.  The  core  strip  was  removed  with  a sharpened  putty 
knife,  figure  14.  The  core  residue  was  removed  with  a fine  sanding  disk  and  vacuum  pickup. 

After  removal  of  the  damage,  the  detail  parts  were  fabricated.  Machining  of  the  sheet  metal 
details  is  shown  in  figure  15.  The  replacement  core  is  shown  being  machined  in  figure  16. 
Prior  to  machining,  the  honeycomb  core  was  stabilized  by  bonding  a layer  of  adhesive  and 
nylon  fabric  to  one  surface.  This  surface  was  then  vacuum  chucked  to  the  core  machine 
bed.  After  machining,  the  core  detail  was  placed  in  a degreaser  to  soften  the  adhesive. 

The  layer  of  nylon  fabric  (peel  ply  I and  adhesive  were  then  carefully  removed.  The  edge 
of  the  core  piece  was  trimmed  to  fit  snugly  in  the  repair  area.  The  metal  sheet  details  and 
trailing-edge  piece  were  preassembled  to  ensure  proper  fit. 

Cure  of  the  repair  was  accomplished  in  two  cycles  or  stages.  The  initial  cure  cycle  involved 
bonding  the  Hush  upper  skin  patch,  splice  strap,  arrowhead  section  shim,  and  core  plug 
(see  fig.  8 and  9).  Prior  to  bonding,  the  sheet  metal  details  were  prepared  by  phosphoric 
acid  hand  anodizing.  The  detail  steps  of  this  procedure  are  listed  in  table  2 (full  description 
in  ref.  4).  The  core  was  cleaned  by  immersion  in  trichloroethylene  (TCE)  and  baked. 

I'he  bond  was  made  using  Reliabond  398  adhesive;  no  primer  was  used.  This  simulated  the 
procedure  used  at  the  Al.C’s.  AE3015  foam  was  used  to  splice  the  core  interfaces  and  the 
core  to  the  trailing-edge  arrowhead.  The  assembly  is  shown  ready  for  vacuum  bagging  and 


*4.5  Ib/ft'^,  1/8  in.  cell  size,  0.001  foil  thickness,  nonperforated,  5052  aluminum  alloy. 
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vuro  m lipmv  I ",  As  slunvii.  iIk'  spoiloi  is  pkicoil  upside  tlown  with  the  I'lush  (upper) 
suilaee  phieed  against  a Hat  O.OtiO  laul  plate.  Hie  edge  ol  tlie  armwheati  fitting  is  sliown 
extended  lieyond  the  trailing  edge.  1 his  e.xeess  was  renioveil  by  inaehining  alter  bonding. 

.Alter  assembly  ( tig.  I 7 ).  the  repair  area  was  eovered  with  I I I’  release  film  two  layers  of 
l’\'.\  fiberglass  eloth.  and  a metal  eaul  plate.  I his  was  followeil  by  thermoeouple  wires 
and  standard  shop  bagging  materials.  The  eure  was  at  for ‘K)  min  with  .'5-psi 

pressure.  I he  flush  upper  siufaee  is  shown  after  euring  and  trimming  in  figure  IK. 

f ollowing  the  lirst-stage  eure,  the  bonded  area  was  visually  inspeeted  to  ensure  that  the 
ilelails  had  held  position  and  that  the  ailhesive  foam  had  expanded  properly  and  was  tree 
of  voiils.  The  eore  surtaee  was  then  saiuled  tlush  with  the  outer  skin  surlaee.  I he  saiuling 
debris  was  removed  by  vaeuum,  anil  the  surlaee  of  the  eore  was  wiped  with  methylellul- 
ketone  ( Ml  K I. 

I he  next  step  was  to  prepare  the  metal  surfaees  tor  bonding  the  nonllush  lower  skin  pateh 
plate  and  the  doubler  shown  m figure  10.  I he  areas  surrounding  the  area  to  be  eleaned 
were  masked  with  aluminum  foil  tape  as  shown  in  figure  10.  The  bond  surtaee  on  the 
spoiler,  the  doubler,  and  the  pateh  plate  were  then  phosphoric  acid  anodi/ed  by  the  pro- 
cedure noted  previously  in  table  2.  following  the  surface  preparation,  the  masking 
materials  were  removed  and  the  doubler  and  patch  plate  taped  in  position.  1 he  assembly 
was  then  bagged  and  cured  at  .^.SO^f  for  (lO  min  under  d.S-psi  pressure.  The  repair  is  shown 
after  cure  and  debagging  in  figure  20. 

The  completed  repair  was  inspected  using  through-transmission  ultrasonics  and  a portable 
Harmonic  Bond  fester,  1 he  results  were  satisfactory;  no  voids  or  delaminations  were  lound. 

3.0  TtST  Oh  THh  SPOlLtR 


I he  spoiler  test  condition  was  the  same  as  the  critical  condition  used  by  (ieneral  Dynamics 
to  i|ualily  the  component  for  service.  This  was  test  condition  Sl’-2  with  the  spoiler 
defected  20‘'  and  the  center  of  pressure  at  50'?  chord  (ref.  .S  ).  fhe  design  limit  load  ( Dl  l.) 
was  .f  7-psi  pressure  inboard  and  .S.‘)-psi  outboard  (ref.  (■>).  fhe  ultimate  load  distribution, 
which  is  1 .'iO' ' ol  the  1)1. 1,  is  shown  in  figure  2 1 . 1 his  gave  a total  ultimate  load  ot  (>l  .‘i7.(i 
pounds,  fhe  position  ol  the  actuator  linkage  for  test  is  shown  in  figure  22  (ref.  7). 


■fhe  spoiler  was  mounted  on  a strongback  for  test  as  shown  in  figures  2.7  and  24  (ref,  K). 

I wo  rows  of  eight  loading  pads  were  used  to  distribute  the  load,  fhe  load  was  applied 
through  a whiflle-tree  arrangement  with  a hydraulic  actuator  coupled  to  a load  cell,  fhe 
load  was  applied  in  20'<  Dl.l.  increments  to  I0(W  Dl.f.  fhe  increments  were  then 
decreased  to  KV;  Dl.f  until  ultimate  ( I.SO'/f  DLl.)  was  reached. 


Dellection  readings  were  taken  at  three  locations  along  the  trailing  edge.  Locations  of  the 
electrical  dellection  indicators  (f  Dl)  are  shown  in  figure  2.‘>.  fhe  detleetions  that  were 
recorded  are  plotted  in  figure  26. 


J 


I hoK-  \^;is  no  iiulii..ilion  diirini:  Ilic  test  t)f  any  I'ailure.  A posttest  visual  inspeetion,  however. 
re\ealeil  boiul  sepaiations  in  three  areas.  I'liese  were  at  tlie  speeiiuen’s  corners  outside  tlie 
repaired  area  as  sliown  in  lijiure  27.  Subsequently,  inspections  were  maile  using  water- 
eoupleil  through-transmission  ultrasonics  and  a Harmonic  Bond  Tester.  These  verifieil  the 
three  delaminated  areas.  There  was  no  indication  of  any  Tailure  in  the  repaired  area. 


I 
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4.0  Tl  ST  OF  SPl  C IMFNS  FROM  THF  RFPAIRFI)  COMPONFNTS 


.After  the  components  had  been  repaired  and  nondestructively  inspected,  specimens  were 
cut  (fom  the  repaired  areas  to  assess  the  quality  of  the  bonds  that  had  been  obtained.  I he 
location  and  types  ol  specimens  are  indicated  in  figure  2H. 

l ive  types  of  specimens  were  used.  These  included  lap  shear,  drum  peel,  and  wedge  tests  tor 
the  metal  laminate  areas.  Peel  and  flatwise  tension  tests  were  used  for  the  skin-to-core  bonds. 
The  specimens  were  of  a standard  configuration.  Details  of  the  wedge  test  specimen  are 
shown  in  figure  2‘t.  In  some  cases  where  the  skin  was  quite  thin,  it  was  necessary  to  bond  on 
additional  material  for  testing.  Accordingly,  the  metal  thickness  lor  both  the  wedge  and 
lap  shear  tests  was  increased  to  0.1  25  in. 

Wedge  specimens  were  cut  from  the  metal  laminate  areas  of  all  of  the  components.  It  was 
felt  that  this  test  gave  the  most  critical  evaluation  of  the  metal  surface  preparation  quality. 
Additional  types  of  specimens  were  selected  to  evaluate  other  properties.  Honeycomb  peel 
specimens  were  taken  from  three  areas  of  the  C-I4I  leading-edge  component.  These 
represented  areas  where  three  different  cleaning  methods  were  used;  i.e..  nontank  anodi/e, 
l’asa.lell  105.  and  2'/>  hydrotluoric  acid  (IIT).  Metal-to-metal  (m/m)  peel  specimens  that 
had  been  exposed  to  salt  spray  were  tested  for  three  components.  Lap  shear  tests  were 
conducted  on  three  other  components  to  verify  the  design  values  that  had  been  used  lor 
the  splice  overlap. 

One  component,  the  T-.18  main  landing-gear  door,  was  exposed  to  simulated  llight 
weathering  cycles  prior  to  specimen  removal.  The  exposure  consisted  ol  .10  days  o! 
l-hr  cycles  involving  excursions  from  -b7“l-  with  simulated  40.000-lt  altitude  pressure 
to  I40°T71007^  relative  humidity  at  sea  level.  X-rays  taken  before  and  after  the  exposure 
indicated  that  no  moisture  had  entered  the  core  area. 

The  results  of  the  tests  are  given  in  tables  3 and  4.  The  test  results  on  the  (’-141  leading- 
edge  repair  were  quite  good.  Core  lailure  was  obtained  with  the  peel  speciinens  as  shown 
in  figure  30.  I'he  test  values  were  consistently  high.  The  wedge  tests  tor  this  eomponent 
were  invalidated  because  the  crack  growth  jumped  to  the  surface  where  an  additional 
metal  strip  had  been  bonded  to  increase  the  metal  thickness.  Subsequent  opening  of  the 
repair  interface,  however,  did  indicate  satisfactory  cohesive  lailure,  ligure  31. 

The  metal-to-metal  salt  spray  exposed  peel  specimens  are  shown  in  figure  32.  Those  from 
the  repaired  area  of  the  C-5A  aileron  eomponent  looked  very  good,  and  the  test  values  were 
high.  I.ower  values  were  obtained  on  the  specimens  from  the  auxiliary  power  unit  ( APH) 
panel  and  the  stabilator.  The  stabilator  specimens  were  taken  from  along  the  laminated 
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Ii\iilins;  oilui'.  HoiulliiK’  potpsity  is  iiuliL';ili.Hl  ;ilong  i1k’  spcciiiK'H  insiilc  i.'di:o  wIkto  Ihc  skin 
Ix'ums  to  opi-n  lor  the  core  (soc  fii;.  3.').  ('onsoi)uonlly.  this  rcsiilli.'il  in  ;i  loss  in  pod  strcnf’lh. 
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I 

I 


1 he  lower  lailure  values  for  the  Al’U  access  panel  appear  to  he  primarily  a prohletii  with 
mailer|iiate  ciirini;  pressure  on  the  repair  details.  I he  cure  was  maile  usint!  a vacuum  hag. 

I he  patches  were  prclormed  hy  rolo-peening.  I he  core  plug  was  not  preformed.  It  was 
expeeted  that  the  plug  would  lorm  into  place  with  the  honding  pressure.  I'his  ilid  happen, 
hut  the  result  was  apparently  some  reduction  in  pressure  in  the  melal-to-metal  hondlines 
next  to  the  core.  I his  was  indieated  hy  the  lowcreil  peel  and  weilge  values  and  was 
additionally  apparent  hy  examination  of  Ihe  failure  surfaces.  I'hey'  did  show  that  Ihe  use 
of  vacuum  hag  curitig  should  he  limiteil  to  simple  repairs.  Double  conloureel  ilelails 
expecially  present  a prohlet.i  hecause  of  their  inherent  configuration  stiffness  aiul  the 
inereaseil  pressure  retpiired  to  pull  Ihe  iletails  into  intimate  contact.  I he  use  of  extra 
ailhesive  in  these  areas  offers  one  possible  solution. 

Values  from  Ihe  A-(i  tin  panel  repair  were  very  good.  Core  failure  was  obtained  with  the 
honey  comb  |H‘cI  specimens,  shown  in  figure  .^4.  I he  failed  lap  shear  specimens  are  shown 
m figure  .C>.  I he  values  obtained  were  comparahle  to  those  ohiaineil  for  that  ailhesive 
( Al  I 27-.^)  during  Phase  II  of  this  program. 


I he  failure  surfaces  of  wedge  specimens  from  the  f-.^X  main  landing-gear  door  are  shown 
m figure  .^(>.  High  crack  growth  is  noted  on  one  specimen.  (.See  Ihe  following  note  and 
listing.)  I his  is  the  specimen  to  the  right  in  the  photo  that  shows  a high  percentage  of 
adhesive  failure.  I his  may  he  aC'ihuled  to  inadeijiia/e  surface  /ireparalion.  .A)iparenlly 
the  surface  did  not  anodi/e  properly.  However,  results  from  the  other  three  specimens  were 
salisfaclory  with  crack  grow  th  within  Ihe  range  of  expected  values. 


Note:  An  arbitrary  rating  has  been  established  for  wedge  test  values.  I his 
IS  shown  below.  I his  rating  is  primarily  applicable  to  the  2.‘s0"  I'  curing 
epoxies.  The  value  of  Ihe  wedge  test  data  is  less  defined  for  other  adhesives. 


I -hr  Clack  growth,  in. 


Rating 


().()  to  0.  m 
0, 1 I to  0.25 
0.2()  to  above 


Very  gooil 
Good 

Marginal  to  non  aceeptable 


I or  processing  control.  Ihe  average  of  lO  specimens  should  not  exceed 
0.2.*'  111.,  and  no  individual  value  should  exceed  ().7.s  in.  to  be  acceptable. 


failure  surlaces  ol  Ihe  wedge  tests  for  Ihe  l -l  I I spoiler  are  shown  in  figure  .f7.  I he  values 
were  consistently  good.  I he  billed  lap  shear  specimens  are  shown  in  figure  .fX.  .Some 
porosity  is  apinirenl  m Ihe  two  outside  speeimens.  I his  was  undoubtedly  due  to  some 
reduced  bonding  pressure  in  these  areas.  I he  values  were  still  i|uile  adei|uately  above  Ihe 
design  rei|uiremenl  ol  l.fOO  lb  in.  (see  see.  2). 


X 


I 

\ m.iiDi  pniNiMii  vv.is  I'lKoimloroil  uiih  ilu'  ii'p.ni  on  llii.'  I I I I iil.miiiin  p.mol 

I wo  wi'ilui'  ;iiul  iwo  l.ip  sIkmi  spi\  inu'ns  woi\'  li'sloil.  ;is  shown  tn  |i>;iiti'  ^'K  I Iw  .hIIk'sim- 

I  ■ IS  I M400.  I Ik’  linos  woio  poor.  ,iiul  llu'  .ulhosoo  l.iiloJ  i.  lo.in  lioin  Ilio  mol.il  siirl.KO. 

II  W il\  (I  )lh  IlhJl  li  ihtll  llirllui  WorkllCtllsInlHtliiin  in  Jncln/t  J Silll\tilt  hilX  Willhlllk 

• \urUu  (■  i>ii  /hirjlinii  nii  ilmJ  Inr  liliiiiimii . 

II  Is  oxiilonl.  Ill  oonolusion.  Iluil  oonsidoinhlo  o.iro  nuisl  ho  l.ikon  |o  onsiiro  .iiloijii.ilo  prossnro 
on  llio  .ulliosivo  hoiulhnos,  Kipul  dol.iils,  snoli  .is  ihoso  IniMn.i;  lonipoiiiul  oiir\;iIiiro.  ospoouillv 
piosoni  prossnro  iipphoiilion  inohloms.  SpooKil  o.iro  imisi  ho  l.ikon  loonsnro  lluil  tho  ilolinls 

III  propoiK  \\  horo  possihlo.  Iho  Inulior  prossnro  prouilod  In  .in  .inlosl.ivo  shonki  I'O  nsod 
nilhor  III. in  ii  x.ionnin  hkinkol. 

Mionlion  lo  propor  snrl.ioo  oloiinni!-' is  oNoooihiifiK  nnporl.inl.  In  nuiiu  ropair  applioiilions. 
Iho  (ISO  ol  .1  nonl.ink  proooilnro  is  noooss.irx  . I’ropor  proioJnros  ninsi  ho  nsoil  il  :i  hi.uh 
iliuihty  boiulin.i:  snriaoo  is  lo  ho  ohiainoil.  \1askini;  shonki  ho  iisoil  to  provont  oontamination 
ok  snrroniulin.i;  .iroas.  All  hoiul  snriaoos  shonki  ho  oarolnlly  inspoolod  lo  onsiiro  that  ihoy 
ha\o  boon  prop.iroil  proporly  prior  lo  hoiuhn.i!.  Xckhiion.il  work  on  a ropair  oonipalihlo 
snriaoo  proparation  inolhod  lor  tilaninin  is  nooossarx . 


5.0  H ANDHOOK  I’RI  IV\R  ATION  STATl  S \M)  C OMI’LI  TION  PLANS 


I ho  ilrall  oomplolion  stains  ok  iho  various  sootions  ol  tho  h.iiulhook  is  as  tollows: 


Sootion 

lillo 

( omplolion  stains 

1.0 

inlrodiiolion 

( omplolo 

:.o 

Dam.i.oo  assossmoni 

( omplolo 

4.0 

Ropair  \1oIIkhI  Soloolion 

( omplolo 

4.0 

Malorials  aiul  I’rooossos 

(omplolo 

4.0 

Snriaoo  I’roparalion 

( omplolo 

O.O 

Small  Aroa  Ropairs 

Comploto 

7.0 

1 argo  Ropair  Molhoils 

In  Work 

S.O 

1 i|iiipmonl  anil  l aoilitios 

In  Work 

0.0 

1 ooling 

In  Work 

10.0 

Noiulostrnolivo  Inspool  ion 

(omplolo 

Drafts  ol  Iho  iiioomplolo  sootions  will  ho  oomploloil  ilnrin>!  I’haso  V.  I hoso  will  ho  ooordinaloil 
with  Iho  Air  I oroo  loohnioal  program  monitors  kor  kinal  rok-aso. 
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Figure  3.-F-1 11  Ou. 
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Figure  5.-Spoiler  Plan  form  Geometry  (ref.  1) 
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Figure  6.  -Details  of  Spoiler  Construction 


Figure  7.— Damaged  F ill  Spoiler 
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Note:  Upper  surface  on  top 


2.50  in.  wide  splice  strap 


0.020  flush  skin  patch 
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core  (density  as  indicated  in  T.O.) 


Section  A-A 


0.020  lower  skin  patch 


Section  B-B 


Figure  8.-F-111  Outboard  Spoiler  Upper  Surface  and  Repair  Cross  Section 
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Figure  1 7.— Details  Assembled  for  the  First  Stage  Cure 


Figure  18.  — Flush  Patch  ott  the  Upper  Surface 


Figure  19.- Areas  Masked  to  Prevent  Acid  Contamination  During  Surface 
Preparation  for  Bonding  Closure  Skin  Patch 


Figure  20  — Nonflush  Patch  on  the  Lower  Surface 
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Figure  26.— Plot  of  Deflection  Readings 


bond  separation 


Figure  27. -Areas  of  Bond  Delamination 
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Cut  one  honeycomb  peel 
specimen  from  each  surface 
preparation  area 


(b)  T-38  Stabilator 

Two  wedge  tests 
Two  m/m  peel  tests 


Figure  28.  - Component  Specimen  Testing 


(c)  C5-A  Aileron  Trailing  Edge 

Three  wedge  tests 

Three  m/m  peel  tests  (salt  spray  exposure) 


Cut  specimens  from 
m/m  bond  areas 


(d) 


F-111  Titanium  Fuselage  Panel 
Three  lap  shea,  tests 


Cut  lap  shear 
specimens  across 
bonded  splice 
strap 


Figure  28. -Component  Specimen  Testing  (Continued) 
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(f)  T-38  Main  Landing  Gear  Door 

Four  wedge  tests 
Expose  for  30  days  in  flight 
simulation  cabinet,  x-ray  before 
and  after  to  detect  water  ingestion 


Figure  28.— Component  Specimen  Testing  (Continued) 
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(g)  A-6  Fin  Panel 

Four  wedge  tests 


(h)  F-11 1 Outboard  Spoiler 

Four  lap  shear  tests  (two  exposures  to  salt  spray) 
Four  wedge  tests 


Figure  28.  — Component  Specimen  Testing  (Concluded) 
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Fiquri'32.  Suit  Sprny  Exposnd  P(wl  SpecmwDS  Aftri  T/'st 


4? 


Figure  34.  Hnnrycomh  Perl  Specimens  From  the  A 6 Fin  Pane!  Repair 
Showing  Cote  Failure 
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Figurtf  36.  ■ Failure  Surface  of  Wedge  Sponmens  From  the  T 3S  Doot  Repair 


Figure  38.  — Failed  Lap  Shear  Specimens  From  the  Fill  Spoiler  Repair 
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Titanium  Fuselage  Pane!  Repair 


TABLE  1. -IDENTIFICATION  OF  SPOILER  MATERIALS 


Identification 

number 

Item 

Material 

1 

External  skin, 
basic  thickness 

0.020  2024-T81 

2 

External  skin, 
first  level  pad-up 

0.036  2024-T81 

3 

Internal  skin, 
basic  thickness 

0.020  2024  T81 

4 

Internal  skin, 
first  level  pad-up 

0.036  2024-T81 

5 

Core  midpanel 

3.1- 1/8-0. 7N  (5056) 

6 

Core  pad-up  area 

6.1-1/8-15N  (5052) 

TABLE  2.-PR0CEDURE  USED  TO  PREPARE  THE  ALUMINUM 
SKIN  SURFACES  FOR  BONDING 

Phosphoric  Acid  Nontank  Anodi^e  Method 

1.  Solvent  wipe  with  methylethylketone,  trichloroethane  or  equivalent  approved  solvent 

7.  Abrade  with  Scotchbrite  type  A to  remove  surface  contaminants 

3.  Wipe  dry  with  clean  gauze 

4.  Apply  a uniform  coat  of  cab-o  sll  thickened  phosphoric  acid  (10%  to  12%)  PR  50® 

5.  Place  one  or  two  layers  of  gauze  over  the  coating 

6.  Apply  more  gelled  phosphoric  acid  over  the  gauze 

7.  Secure  a piece  of  stainless  steel  wire  screen*’  over  gauze 

8.  Connect  screen  as  cathode  (-)  and  aluminum  substrate  as  anode  (+) 

9.  Apply  a potential  of  4 to  6 volts  for  10  to  12  min  (current  density  in  the  range  of  2 to  6 amps  per 
square  foot) 

10.  At  the  end  of  anodizing  time,  open  circuit,  remove  screen  and  gauze,  and  lightly  wipe  off  gelled 
acid  coating 

11.  Moisten  clean  gauze  with  water,  lightly  wipe-rinse  anodize  surfaces 

CAUTION:  Do  not  rub  surface.  Test  with  litmus  paper  to  ensure  that  all  trace  of  acid  has  been 
removed. 

12.  Air  dry  30-min  minumum  or  heat  dry  at  160°  F maximum 

CAUTION:  Do  not  touch  surface  with  anything.  Keep  protected  but  do  not  wrap  unless 
absolutely  necessary. 

13  Prime  and  bond  or  bond  as  soon  as  practical 

®PR  50  — gelled  phosphoric  acid  10%  to  12%  from  Products  Research  Corporation. 

'’Stainless  steel  screen,  any  mesh. 
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TABLE  3.  -RESUL  TS  OF  TESTS  FROM  REPAIRED  AREAS  OF  COMPONENTS 


Part 

Identification 


Lap  shear 


Honeycomb  peel 


Lap 

length.  Load, 
in.  lb 


Core 

density, 

Ib/ft^ 


Load 
lb  in./ 
3 in. 


M/M  peel 
after  14 
days  salt 
spray, 
lb  in. /in. 


Honeycomb 

tension 

flatwise, 

psi 


C- 141  simulated 
wing  L.E.  panel 


4.4  60 

64 

65 


a 

b 

c 


T 38  stabilator 


C 5 aileron 


F- 1 1 1 titanium 
fuselage  panel 


C-141  APU 
access  panel 


T 38  main  landing 
gear  door 


A-6  fin  panel 


Fill  outboard 
spoiler 


40 

39 


57 


51 


0.45 


54 


380 


33 

33 


220 

225 

85 


1.06 

1.18 

0.97 


4020 

3970 

3840 


3.1 


Core 

failure 


1.18 

1.26 

1.27 

1.18 


1850 

3220 

3230 

1810 


®Nontank  anodize  surface  preparation  for  skin. 
*’2%  hydrofluoric  acid  surface  preparation  for  skin. 
‘■Pasajell  105  surface  preparation  for  skin. 
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TABLE  4.-WEDGE  TEST  DATA  FROM  REPAIRED  AREAS  OF  COMPONENTS 


Part  identification 

Wedge  test 

120“F/100%  RH  exposure 

Initial 

length, 

in. 

Crack  growth,  in. 

1 hr. 

24  hr. 

72  hr. 

7 days 

14  days 

C-141  simulated 

Remainder  of  test  invalid.  Failure  jumped  to  wrong 

wing  L.E.  panel 

mSM 

surface. 

■a 

T 38  stabilator 

1.45 

n 

1.57 

1.72 

1.78 

1.86 

1.41 

0.61 

0.64 

0.74 

0.88 

C-5A  aileron 

1.53 

0.09 

0.31 

0.37 

0.44 

0.44 

1.58 

0.09 

0.28 

0.34 

0.34 

0.44 

1.26 

0.08 

0.28 

0.53 

0.53 

0.62 

F-1 1 1 Titanium 

Tests  discontinued.  Specimens  had  very  low  peel  strength. 

fuselage  panel 

C-141  APU 

2.78 

0.14 

0.26 

0.35 

access  panel 

2.45 

mm 

0.21 

0.21 

1.37 

0.07 

0.28 

0.28 

0 28 

T 38  main  landing 

1.63 

0.41 

0.63 

mum 

gear  door 

1.59 

0.24 

0.43 

0.54 

1.67 

Failure 

1.63 

0.52 

0.79 

0.84 

0.84 

A-6  fin  panel 

1.26 

0.10 

0.24 

0.30 

■H 

1.33 

0.18 

0.54 

0.63 

1.36 

0.08 

0.53 

0.68 

1.02 

0.31 

1.15 

1.27 

1.33 

■H 

F-1 1 1 outboard 

2.36 

0.13 

0.18 

0.18 

0.18 

0.18 

spoiler 

1.75 

0.07 

0.13 

0.13 

0.21 

0.26 

1.87 

0.11 

0.14 

0.14 

0.22 

0.32 

1.82 

0.12 

0.37 

0.37 

0.40 

0.44 
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